We present and analyze spatially-resolved maps for the observed V and g to 3.6µm flux ratios and the inferred dust extinction values, A V , for a sample of 257 nearby NGC and IC galaxies. Flux ratio maps are constructed using PSF-matched mosaics of SDSS g and r images and Spitzer/IRAC 3.6µm mosaics, with pixels contaminated by foreground stars or background objects masked out. By applying the β V method (Tamura et al. 2009 (Tamura et al. , 2010 , which was recently calibrated as a function of redshift and morphological type by Kim, Jansen, & Windhorst (2017), dust extinction maps for each galaxy were created. The average radial extinction profiles for each Hubble type are similar to those of González Delgado et al. (2015), except for Sa and Sb galaxies, which have comparable contributions from bulge and disk populations. We highlight noticeably redder V −3.6µm colors in the center of star-forming galaxies and galaxies with a weak AGN. The derived intrinsic V −3.6µm colors for each Hubble type are generally consistent with the model predictions of Kim et al. (2017) . Some moderately bluer/redder colors for early/late type galaxies are seen, which is probably due to sample bias. Finally, we discuss the applicability of the β V dust correction method to more distant galaxies for which well-matched HST rest-frame visible and JWST rest-frame ∼3.5µm images will become available in the near-future.
INTRODUCTION
Cosmic dust between an observer and an astronomical object both absorbs and scatters incoming light (visible and ultraviolet) from the object and then reradiates the absorbed energy in the far-infrared (FIR) (van de Hulst 1957; Mathis 1990 , and references therein). Our rest-frame ultraviolet (UV)-visible view of distant galaxies is therefore modulated by dust extinction. The level of extinction varies across the face of a galaxy and differs from galaxy to galaxy. As a result, our interpretation of the distribution, evolution, and properties of stellar populations within a galaxy is significantly influenced by the intervening dust (e.g., Elmegreen 1980; Kennicutt et al. 2009 ).
Correcting for dust extinction generally requires either costly (or unattainable) UV to FIR multi-wavelength data in combination with spectral energy distribution (SED) fitting (Conroy 2013 , and references therein), or a full radiative transfer analysis (Steinacker et al. 2013, and references therein) . In special cases, dust extinction can be corrected in small areas within a galaxy, provided that suitable tracers exist, such as hydrogen recombination lines. Tamura et al. (2009, hereafter T09) and Tamura et al. (2010, hereafter T10) developed an economical method that offered approximate dust-extinction correction called the 'β V method',
which uses the observed flux ratios of the visible, V -band, and infrared L-band, ∼3.5µm, wavelengths. They applied this method to the surface photometry of the nearby, late-type spiral galaxy NGC 959, which unveiled a hidden galactic bar. In order to place the 'β V method' on a more secure theoretical footing, Kim, Jansen, & Windhorst (2017, hearafter K17 ) built a library of spectral energy distributions (SEDs) by stacking the SEDs of simple stellar populations (SSPs) -spectral snapshots of a coeval stellar population-for large ensembles of stochastic star-formation histories 1 (SFHs). The SFHs in K17 are designed to reproduce the mean observed SFH as a function of morphological class, assuming open-box metallicity evolution. Furthermore, K17 published both modeleroriented, mass-weighted, and observer-friendly, luminosityweighted predictions, which were then directly compared to the luminosity-weighted predictions with integral-field unit (IFU) observations from González Delgado et al. (2015, hereafter GD15) to calibrate the empirical 'β V method'.
After its long-awaited launch, currently scheduled for 2021, the James Webb Space Telescope (JWST; Gardner et al. 2006 ) will observe distant galaxies at near-infrared (NIR; 0.6-5µm) wavelengths with similar spatial resolution as extant visible wavelength images obtained with the Hubble Space Telescope (HST). Combining rest-frame JWST ∼3.5µm and rest-frame HST V -band observations would extend the 'β V method' from a redshift of z 0 to a redshift of z 2. With suitably chosen filter pairs and the previously computed intrinsic flux ratios from K17, one could then approximately correct the surface photometry of large samples of galaxies for dust extinction.
In the present paper, we aim to provide a large database of g and V to 3.6µm flux ratios for local galaxies and their corresponding dust extinction maps. We will analyze the results of the flux ratios to evaluate the improvement, fidelity, and robustness offered by the approximate extinction corrections, as well as the nature of exceptional cases. We can then highlight coherent stellar structures previously hidden by dust, in addition to cases where the SED is non-thermal in nature, which can result from (weak) active galactic nuclei (AGN). We also investigate the dependence on the physical resolution of a galaxy by comparing subsets of galaxies at different distances. We then compare our results with those obtained through multi-wavelength SED-fitting found in the literature. This paper is organized as follows. In §2, we explain how the catalog of sample galaxies was constructed and which data were selected for use. §3 describes the preprocessing of the data, the derivation of the intrinsic β V values for each Hubble type, and the creation of the corresponding A V dust map for each galaxy. In §4.1-2, we illustrate the relationships between β V -values and various galaxy properties. In §4.3-4, we show the derived radial A V -profiles for each Hubble type and the hidden coherent features found in the β V -map. In §5, we discuss the applicablility of the β V -method. We briefly summarize our findings in §6.
We adopt the Planck 2015 (Planck Collaboration et al. 2016 ) cosmology (H 0 = 67.8 km sec −1 Mpc −1 ; Ω m = 0.308; Ω Λ = 0.692), and we will use AB magnitudes (Oke 1974; Oke & Gunn 1983) throughout.
SAMPLE SELECTION AND DATA
We selected our sample galaxies from the Revised New General and Index Catalog 2 (Steinicke 2018; hereafter S18), since it contained data necessary for our analysis of wellstudied nearby galaxies. Of the 13,226 objects in the catalog, 9,995 objects are classified as galaxies. Out of the 9,995 galaxies, 568 had available Spitzer Enhanced Imaging Product (SEIP) Super Mosaics FITS 3 images, which were observed with the InfraRed Array Camera (IRAC; Fazio et al. 2004 ) Channel 1 onboard the Spitzer Space Telescope (Werner et al. 2004 ) at a wavelength of 3.6µm. The galaxies in each mosaic were both well-resolved (size 100× point spread function; PSF) and roughly centered in the IRAC field-of-view (FOV) (offset < 1 ). In order to avoid systematic uncertainties resulting from very large optical depths through a galactic disk, the 568 galaxies were reduced to 410 relatively face-on galaxies with axis-ratio (b/a) larger than Table 1 for details. 0.5. Column 10 in Table 1 gives for b/a values for individual galaxies. Finally, the 257 galaxies which also had g and r mosaics from the Sloan Digital Sky Survey (SDSS) Data Release (DR) 12 server 4 were selected for the final sample. Figure 1 shows the demographics of the 257 selected galaxies in our sample. The redshift, V -band magnitude, Hubble type, and star formation and/or nuclear activity type were determined from the NASA/IPAC Extragalactic Database 5 (NED), S18, The third Reference Catalogue of Bright Galaxies (de Vaucouleurs et al. 1991, hereafter RC3) , and NED, respectively.
The Hubble type was determined from the RC3 numeric T type: E = T < −3, S0 = −3 ≤ T < 0, Sa = 0 ≤ T < 2, Sb = 2 ≤ T < 4, Sbc = 4 ≤ T < 5, Sc = 5 ≤ T < 7, Sd = 7 ≤ T < 9, Irregular = 9 ≤ T < 91, and Peculiar = 91 ≤ T < 100. If the 'Ttype' from RC3 was missing, the value based on the 'Type' from S18 and the 'Classification' from NED was assigned. These are indicated with asterisks in Column 16 of Table 1 . Table 1 also lists the celestial (J2000) coordinates, redshifts, magnitudes (B, V , and 3.6µm), absolute magnitude (3.6µm), major-axis size, r-band effective radius, Petrosian half-light radius in V -band, position angle, Galactic extinction, bulgeto-total light ratio, T-type, T-type uncertainty, SF/AGN classification, and Figure number designation. For the SF and AGN classification, the 'Classification' from NED was used to categorize the galaxies into six types: 'not active', 'Starburst', Luminous InfraRed Galaxy 'LIRG', Low-Ionization Nuclear Emission-line Region 'LINER', 'Seyfert 2', or 'Seyfert 1'. If the NED classification indicates more than one type, we categorize the galaxy with a preference towards later or more active types. For example, NED classifies NGC 0315 as 'LINER', 'Sy3b', and also 'Sy1'. Therefore, we classify NGC 0315 as 'Seyfert 1'. Galaxies without any classification are categorized as 'not active'.
For each of the 257 sample galaxies, the IRAC Channel 1 (3.6µm) SEIP Cryogenic Release v3.0 Super Mosaics were downloaded from the Spitzer Heritage Archive 6 (SHA). The mean mosaics were used for the photometry and the mean combined uncertainty map was used for the signal-to-noise ratio (S/N) calculation. For the V -band data, mosaic images of 257 NGC/IC galaxies were downloaded in both the g and r bands from the SDSS DR12 Science Archive Server 4 . 30 ×30 SDSS mosaics with a pixel scale of 0.396 /pixel, were selected such that they had sufficiently larger FOV than the SEIP Super Mosaics. All SDSS images covering the area were used, even if they are not primary 7 anywhere.
3. ANALYSIS For each galaxy, the PSFs of the SDSS g and r-band mosaics were matched to the Spitzer 3.6µm mosaic. The PyRAF DAOPHOT 8 library was used to build model PSFs. Then, the tasks PSFMATCH 9 and WREGISTER 10 were used to match the SDSS and Spitzer PSFs and then register the image relative to the 3.6µm Spitzer mosaic (see Appendix A for more details). Color composite images in the R, G, and B channels are assigned by registered IRAC 3.6µm, SDSS g, and r mosaics, respectively. These are available in Figure Set The PSFMATCH task convolves the input image with a convolution kernel to match a PSF of the input image to the corresponding PSF of the reference image (Phillips & Davis 1995) :
where k is the convolution kernel and F indicates a Fourier transform. After the PSFs were matched and the images were registered, we interpolated the V -band flux between the g and r-band flux using the transformation formula from Jester et al. (2005) for all stars with (R-I) < 1.15 mag: β V FITS images were produced by dividing the pseudo Vband co-registered FITS images by the 3.6µm FITS images using the PyRAF task IMARITH 12 . Examples of the resulting images are shown in the top middle panels of Figure The host galaxy's regions were selected using the segmentation map generated by SEXTRACTOR (Bertin & Arnouts 1996) , which was obtained by setting 'CHECKIM-AGE TYPE' as 'SEGMENTATION'. The SEXTRAC-TOR parameters 'DETECT THRESH', 'BACK TYPE', 'BACK SIZE', and 'DETECT NTHRESH' were carefully controlled to obtain an optimized segmentation map for each individual galaxy. Foreground stars and background galaxies were selected and their coordinates were recorded manually using the PyRAF DAOEDIT 13 task, so that they could be removed from each segmentation map. Finally, each segmentation map was individually analyzed and then edited, if necessary, using segeditor (Ryan 2018) . The resulting segmentation maps are shown in the lower left panels of Figure  Set 2 . The cyan region is the galaxy of interest and the gray regions correspond to objects other than the galaxy.
Only the pixels with S/N > 3 in all g, r, and 3.6µm FITS images were used for further analysis. For the g and r mosaics, the standard deviation of the background fluctuations was used as the noise value, while the standard deviation for each pixel was used as the noise value of the 3.6µm mosaic. The final β V and A V maps used for our analysis are shown in the lower middle and right panels of Figure Set 2.
β V,0 derivation
A β V -profile of a galaxy was built by taking the median of the β V -values in elliptical annuli with major axes increasing from 1 pixel to the maximum visible size of a galaxy ('a' in Table 1 ). This was done with a linear step size of one pixel, while the axis-ratio and position angle (PA) were fixed as 'b/a' and 'PA' in Table 1 . The outer (r > 20% of 'a') annuli were excluded from the β V -profile, provided that more than half of the pixels were in a region removed by the segmention map.
The β V -profiles were then converted into A V -profiles as detailed below:
where β V,0 is the global intrinsic β V -value, assuming negligible extinction at 3.6µm (see Equation 5 in K17). The β V,0 -value for each Hubble type was derived by gridsearching for the β V,0 -value which had the lowest χ 2 between the average A V -profiles from Equation 3 and GD15 (see Figure 17 in GD15): Table 1 is published in its entirety in the online journal. A portion is shown here for guidance regarding its form and content.
(1) Same as S18
(2) R.A. in degrees and in epoch J2000.0 (3) Decl. in degrees and in epoch J2000.0 (4) Redshift (5) Total B-band magnitude from S18 (6) Total V -band magnitude from S18 (7) Total 3.6µm magnitude measured using GALFIT (AB mag) (8) (7) + Distance Modulus from (4): not taking into account K-correction (9) Major axis in arcminutes (10) Axis-ratio (11) Effective radius in r-band in arcseconds from RC3 but recomputed by RAJ from log(Ae) after discovery that original values were diameters not radii (12) Petrosian Half-light radius measured in V -band in arcseconds (13) Position angle from S18 (14) Foreground Galactic extinction (15) Bulge-to-total light ratio measured in 3.6µm using GALFIT (16) T-type from RC3 or assigned (with '*') based on (18) where r is the galactic radius normalized by half-light radius (HLR), A V βV (r) is the averaged A V -profile for each Hubble type from Equation 3, A V GD15 (r) is the averaged A V -profile for each Hubble type from GD15 for face-on (b/a > 0.63) galaxies, and σ β V (r) is the scatter in A V βV (r). The HLR values from this study and GD15 agree well with the Petrosian half-light radius values (R P 50 ; Blanton et al. 2001; Yasuda et al. 2001 ) from the SDSS archive (see Appendix B for more details). The distribution of the β V -values for the sample galaxies is shown in Figure 3 as a function of T-type. The uncertainty in the T-type and the 1-σ error of the β V -range is represented by the shape of the ellipse. Furthermore, SF/AGN types are represented by the color of each ellipse. For each integer T-type in our sample, a range of T-types was selected from T−0.5 < T < T+0.5. To investigate the trend in this plot, the following steps were taken. For each galaxy in the T-type range, a β V -value was sampled from a random distribution of β V -values created using the mean and 1-σ error for each galaxy. This was repeated 1000 times to determine a more significant average β V -value for each T-type. This is shown as the solid line in Figure 3 as well as its 1-σ error.
The global β V -values (solid blue line) in Figure 3 are similar to Figure 14 of K17, which corresponds to the range of β V -values derived from the K17 SED models that adopted the observational stellar population properties from GD15. From both figures (Figure 3 here and Figure 14 of K17) , the average β V -values, as well as the scatter of the values, increases with T-type. Slowly evolving old and metal-enriched stellar populations in early-type galaxies tend to be more similar compared to more dynamically evolving young and lowmetallicity galaxies of later types resulting in a wider β Vrange for the latter. However, Spiral types with β V -values less than 0.5 from Brown et al. (2014) in Figure 14 of K17 are not seen in this sample. This seems like to originate from different type of galaxies in the sample of this study from the sample of Brown et al. (2014) . Almost all of Brown et al. (2014) 's sample galaxies have low resolution 5-38µm spectra from the Spitzer/Infrared Spectrograph (IRS; Houck et al. 2004). The wavelength range is where the reradiation from the dust clouds dominates. The majority of their galaxies are SF/AGN class, while majority of our sample is not active.
The registered image data has a pixel scale of 0.6 , which is ∼38% of a full width half maximum (FWHM) of the Spitzer/IRAC 3.6µm mosaics. This corresponds to a galaxy surface area of 13 2 , 250 2 , 490 2 , and 718 2 pc 2 at z = 0.001, 0.02, 0.04, and 0.06, respectively. Statistically, as redshift increases, the sample surface area increases by ∼370 (z = 0.02), 1420 (z = 0.04), 3050 (z = 0.06) times compared to a galaxy at a redshift of z = 0.001. This reduces the scatter of any measurements taken by ∼19, 38, and 55 times compared to the measurement taken at a redshift of z = 0.001 for a completely random sample. Figure 4 shows this trend as the median and the scatter of β V -values decreasing significantly as the redshift increases. For a redshift of z 0.02, this trend holds. This can be interpreted as the β V -values from stellar populations not being random (i.e., being spatially corelated between adjacent pixels), as well as spatial resolution effects becoming less significant at z 0.02. tral 3×3 pixels for various SF/AGN galaxies-'Not active', 'LINER', 'Starburst', 'Sy 2', 'Sy 1', and 'LIRG'-from top to bottom in order of decreasing median central β V -values. The 9 galaxies whose central 3×3 pixel areas masked out are excluded. Central star-forming regions are thought to be enshrouded by molecular clouds, while accretion disks surrounding supermassive black holes are thought to be surrounded by a dust torus (Urry & Padovani 1995) . Relatively low β V -values in the centers of active galaxies support this idea of dusty environment of active SF region and AGN. Figure 6 shows the average A V -profile and the 1-σ scatter derived using the β V -method from this study (brown) and from GD15 (gray) for each Hubble type. The β V,0 -value used to derive the A V -profiles (see § 3.2) and the number of sample galaxies for each Hubble type are also included. The A V -profiles all seem to agree over the range of 1-2 Petrosian half-light radii. Differences arise in the central profiles of the E-Sb types and for the stochastic fluctuations at the large radii of Sbc-Sd types. The β V -method results in about 2× larger scatter than the GD15 results. This is expected, since the β V -method uses only two broad-band images and Figure 5 . Histograms showing the mean of the βV -values for the central 3x3 pixels of each galaxy. This is done for 248 NGC/IC galaxies with different SF/AGN types: Not active, LINER, Starburst, Seyfert type 2, Seyfert type 1, and LIRG from top to bottom. Compared to average (Not active) galaxies, galaxies with increasing star-formation and/or nuclear activity have decreasing central βV -values, which implies an increasing amount of dust. a single color β V,0 , whereas GD15 used three dimensional spectral images and a library of SED models.
A V profiles
The E-Sb types were subgrouped into 'Large bulge' ('LB') and 'Small bulge' ('SB') categories by their bulge-to-total light ratios (B/T) derived using GALFIT (Peng et al. 2002 (Peng et al. , 2010 ) (see Appendix D for details). The B/T threshold values were arbitrarily chosen so that there were comparable numbers for each of the two subgroups. The A V -profile fitting process was then repeated (see Figure 7) . The GD15 and β Vprofiles are in closest agreement for the S0 large bulge (LB) and the Sa and Sb small bulge (SB) subgroups. More uniform stellar populations in the galaxies in those subgroups result in more reliable A V -profiles using the β V -method. This is discussed more in § 5.
Hidden Coherent Features
Coherent features buried in a single band or even in composite images (such as top left panel of Figure Set 2) stand out in color images, such as in the β V , β g , and/or A V -maps. Features found in these color maps are listed with their corresponding galaxies in Table 2 . Table 2 . Coherent features revealed in the βV , βg, and/or AV images and lists of galaxies containing the features Features (Number of galaxies) Galaxies (In the order of ID)
Star-forming regions (15) NGC 14, 337, 2500 337, , 2552 337, , 2730 IC 676, 1065 , 2239 , 1551 , 2637 , NGC 23, 266, 275, 1667 , 2512 , 2608 , 2712 , 2731 , 2742 , 2750 , 2776 , 2782 , 2824 , 2893 , 2906 , 3015, 3049, 3055, 3265, 3349, 3351, 3489, 3655, 3720, 3726, 3799, 3801, 3811, 3921, 4194, 5631, 5633, 5992, 7080, 7177, 7479, 7653, 7798 Star-forming regions IC 1076 , NGC 275, 309, 337, 2403 , 2415 , 2731 , 2742 , 2776 , 2906 3212, 3239, 3310 (pec), 3344, 3370, 3381, 3395 (pec), 3486, 3646, 3659, 3686, 3726, 3794, 3799, 3811, 3870, 4234, 4420, 4449 (Sbrst) 208, 2239 , 3050, NGC 274 (pec), 275 (pec), 309, 428, 2043 , 2500 , 2604 , 2730 , 2750 , 2776 , (Negative color gradient) (32) 2893 Blue center with green outskirt (3)
NGC 3741 (BCD d ), 4068, 6789 (Positive color gradient) Notes: (1) Low-excitation radio galaxy (2) Narrow-line AGN (3) Narrow emission-line radio galaxy (4) Blue compact dwarf; pec: peculiar, Sbrst: Starburst a https://apod.nasa.gov/apod/ap140314.html Star-forming regions and dust lanes are the most common features, which have bluer and redder (V -3.6µm) colors, respectively.
LIRG-like galaxies are dominated by optically-thick dust clouds that are likely to be undergoing cold gas accretion from the cosmic web, harboring an AGN (see Müller-Sánchez et al. 2018; Saito et al. 2018 , for e.g., the case of NGC 6240), or experiencing the aftermath of a recent merger (see Pingel et al. 2018 , for e.g., the case of NGC 4414). AGN appear to have at least local dust clouds such as NGC 1275 (Tanada et al. 2018 ) and NGC 985 (Appleton & Marcum 1993) , with the exception of the active, dustless, bulgeless, intermediate-mass black hole in NGC 3319 (see Jiang et al. 2018) .
Inner and outer rings in NGC 3011 have been found by Gil de Paz et al. (2003) . The inner ring could have been produced by a starburst-driven shock interacting with the surrounding medium (Marino et al. 2013) .
Dust rings in NGC 2844 and NGC 3032 are also found and included in the Atlas of Resonance Rings As Known In S 4 G (ARRAKIS; Comerón et al. 2014) . These rings appear to be formed by a dynamical resonance resulting from nonaxisymmetries in galaxy disks (Comerón et al. 2014) .
NGC 2685 (Arp 336, also known as "The Helix Galaxy") is a well-known polar ring galaxy (Sandage 1961; Eskridge & Pogge 1997) , which has a outer ring perpendicular to the galactic disk. This is seemingly the remains of a merger with a polar-orbiting smaller galaxy.
NGC 3801 could be at an earlier stage of an NGC 2685like merger (Hota et al. 2012) . The merging event ∼2-3 Gyr ago is presumably responsible for nuclear-ring in NGC 7742 (Martinsson et al. 2018) , while the minor merger ∼200 Myr ago (Knierman et al. 2012 (Knierman et al. , 2013 is responsible for the central dust in NGC 2782 and in NGC 4194 (König et al. 2018) . Balcells (1997) argues that the dusty disk, two tidal tails, and shells in E-type NGC 3656 is the outcome of a disk-disk major merger. Conversely, the blue disk in the E-type, but 2015), while the brown lines are the average AV -profiles of our sample using the βV -method with different βV,0 values for different Hubble types. Overall, the profiles agree, with the exception perhaps of the centers of early-type galaxies (Sa, Sb) and the stochastic fluctuations in the outskirts of late-type galaxies. low-mass, "blue sequence" galaxy IC 692 is from cold-mode gas accretion (Moffett et al. 2012) .
Both NGC 3773 and NGC 7077 have central blue features that are classified as H II regions, which are probably caused by Wolf-Rayet stars (Miralles-Caballero et al. 2016) .
The sandglass-shaped feature in NGC 3622, which resembles the outflow of M82, has never been reported. SDSS DR12 classifies this galaxy as a starburst galaxy, which reinforces the idea of an outflow-like feature. Strong Hα and O III emission lines might be the cause of this particular feature 14 .
In total, 32 galaxies have noticeable negative color gradients, while 3 have positive color gradients. The color gradients of NUV(Galaxy Evolution Explorer (GALEX)) / 3.6µm (S 4 G) observations for the disks of 1931 nearby galaxies (z < 0.01) also show negative color gradients (see Figure 6 in 14 http://skyserver.sdss.org/dr12/en/tools/explore/Summary.aspx?id= 1237651273508651034 Figure 7 . Same as Figure 6 but for E, S0, Sa, and Sb types divided into large and small bulges with bulge-to-total light ratios of 0.7, 0.5, 0.45, and 0.25, respectively. S0 type AV -profiles agree better in the large bulge subgroup, while Sa and Sb extinction profiles agree better in the small bulge subgroups. This is a result of the more uniform stellar populations within these subgroups. Bouquin et al. 2018 , see also de Jong 1996 , Taylor et al. 2005 , Kim & Im 2013 . These color gradients are in agreement with the global scenario of inside-out formation of disks.
DISCUSSION
Using a single color to determine global dust extinction could be affected by variations in stellar population properties such as the age, metallicity, and the initial mass functions both 1) within a galaxy, and 2) from galaxy to galaxy.
In this study of 257 NGC/IC galaxies at a redshift of z 0, we find that: 1) Stellar populations are seemingly uniform within a galaxy, with shallow age and metallicity gradients (see Figure 9 and 12 of GD15). The uniformity resulted in similar A V -profiles from the β V -method using a single reference color β V,0 for the entire galaxy compared to the IFU-SED fitting method of GD15 (see Figure 6 and 7). The steeper A V -profiles in Sa and Sb type galaxies in Figure 6 are probably due to negative age and/or metallicity-gradients. These gradients would need to be addressed when a galaxy is forming stars asymmetrically in radius and then the β V -method would need to be used to correct for dust extinction.
2) The K17 model holds for nearby galaxies. K17 published the intrinsic flux-ratios of various visiblenear-infrared filters with respect to the L-band filter (∼3.5µm), β λ,0 , as a function of redshift for galaxies having SFHs of early-types (E and S0), spirals (Sa-Sbc), and late-types (Sbc-Sd), respectively. K17 implemented metallicity evolution by stacking the SEDs of simple stellar populations as a function of SFHs, which are different for each SFH type (see Appendix Figure 8 . βV,0 values at z = 0 for galaxies of Hubble type E-Sd. Dots indicate βV,0 values for AV profiles of our sample galaxiesall galaxies in black and small/large bulges are in blue/red (see Figure 7 )-having the lowest χ 2 compared to the AV -profile from GD15 of the same Hubble type. The exact βV,0-values are included in Figure 6 and 7. Solid, dashed, and colored dotted lines are the expected model values from K17 for galaxies with SFHs and metallicity evolution corresponding to different Hubble types (see Appendix C). Mass-weighted metallicities for models at a redshift of z = 0 are shown above or below each line. βV,0 values with no metallicity evolution are plotted as gray dotted lines. Mass-weighted metallicity ranges for each Hubble type from GD15 (see their Fig.11 ) match well to the mass-weighted metallicity range, where βV,0 values are distributed on the K17 model grid, except for Sc and Sd types, whose βV,0 values are located near the higher metallicity region. We argue that this is due to the selection bias of bright latetype galaxies (see Figure 10 ). D). Figure 8 shows the β V,0 values at a redshift of z = 0 from the K17, model as well as the observed data from the current study. The K17 model values are indicated by colored lines for early-types, spirals, and late-types with metallicity offsets: Z(z=0) = 2.5, 1.0, and 0.4 Z from bottom to top. K17 selected the metalliticy offset values arbitrarily matching the metallicities of empirical SED model of SSP. Metalliticy offsets result in mass-weighted-metallicities, Z m at z = 0, as above or below each line (see Appendix D for more information Figure 11 of GD15).
The Z m value of the K17 model, which matches the β V,0 values, corresponds to the lower (early-type) and higher (late-type) limits of the Z m values from GD15. Volume bias, which causes a lack of massive galaxies with high metallicity in the local volume and preferentially selects bright late-types with high metallicity, might have pushed β V,0 for earlier types higher and for later types lower, compared to the values from an unbiased sample. The distribution of absolute magnitude of 3.6µm (apparent magnitude + distance modulus from the redshift) in Figure 10 (a) suggests that our galaxies have a mass range that decreases with increasing T-type. However, that trend is not as significant as the B/T trend in Figure 10 (b) , which illustrates the bias.
The β V,0 -values from the K17 model were confirmed by matching the β V,0 -values at a redshift of z 0 to the observations. K17 derived β V,0 -values using empirical models that were developed based upon observations of galaxies including a sample at redshifts z 2. With HST and future JWST data, we expect the β V -method would work for galaxies at a redshift less than two with a careful classification of galaxy morphology and metallicities of them. Because the K17 model at a redshift z 0 is the end product of accumulation of SEDs of simple stellar populations as a function of SFH and a metallicity evolution, and any fault in the intermediate redshift would result mismatch at a redshift of z 0.
At a 0.034 pixel scale of ∼38% of the PSF FWHM (0.09 ) HST's resolution at 1µm and JWST's resolution at 3µm correspond to 214, 280, and 292 pc at redshifts of z = 0.5, 1.0, and 2.0, respectively. Consequently, galaxies at these redshifts observed with both HST and JWST would look similar to galaxies observed at a redshift of z = 0.02 by Spitzer at IRAC's 3.6µm resolution such as NGC 1016, IC 2239, NGC 2832, NGC 2892, and NGC 2937 from our sample. The spatial resolution effects from using the β V method in a HST and JWST galaxy survey would not be significant over the redshift range 0.5 < z <2.0. For comparison, these spatial resolution effects were evident in the Spitzer observations in our sample at a redshift of z < 0.02. As a result of the increased resolution of HST and JWST, regions smaller than giant molecular clouds would be resolved at redshifts of z < 0.5 (Murray 2011, ∼200 pc) . Therefore the β V -method using the average color over multiple stellar populations would become less effective.
In addition to dust correction via the β V -map, the β Vmethod may also serve as a detection tool for AGN and bluer/redder coherent features. Since AGN are typically surrounded by thick dust clouds, central β V -values lower than the rest of the galaxy could serve as an indication of AGN activity. This method was able to find previously known fea-tures, such as resonance rings and H II regions, and also an outflow-like feature that has not been observed before. 6. SUMMARY After studying PSF-matched images of 257 NGC/IC galaxy mosaics in the SDSS g and r filters and Spitzer 3.6µm mosaics, we conclude the following: 1) On average, the A V -profiles for each Hubble type that were derived from the β V method match with the ones from the IFU-SED fitting method.
2) The calculated β V,0 values agree with the models from K17.
3) SF/AGN galaxies have lower β V values in the central regions.
We conclude that the β V -method can serve as a simple dust correction method for large surveys of nearby galaxies. The β V -method provides a global dust extinction value, as well as a radial profile for dust extinction, which is seen to match the profiles found in literature. Therefore, the β V -method is applicable for combined HST and JWST surveys of galaxies between redshifts of 0.5 < z < 2.
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Upon visual inspection, any parameters that seemed unreasonable were fixed and GALFIT was rerun. For the case when either the bulge or disk moved towards the outer part of the galaxy, the 'position' argument of GALFIT was set as fixed for both components. For the case where the bulge parameter, 'devauc', was seen to dominate the GALFIT fitting, a smaller effective radius, 'R e', was forcefully set for the 'devauc' component in order to prevent unphysical fitting at large 'R e'. This was seen to be the case for some late-type galaxies in the sample. Figure 10 shows the "absolute magnitudes" (a) and the B/T (b) as a function of T-types in the RC3 catalog, excluding irregular and peculiar galaxies (T ≥ 9). The 'Integrated magnitude' parameter for both the 'expdisk' and the 'devauc' components of the galaxy were converted to their corresponding flux values, so that a total magnitude of the entire galaxy could be determined. The total magnitude was then added to the distance modulus (determined via the redshift) in order to calculate the "absolute magnitude" for each galaxy. The reduced χ 2 value of each B/T fit is shown with different colors. The bulge component, 'devauc', dominates in the early-type galaxies (T < 0), while the disk component, 'expdisk', gradually increases with T-type. The B/T was used to subdivide the E-Sb galaxies in Figure 6 , which show different shapes of A V -profiles between this study and IFU-SED fitting method used in GD15. E, S0, Sa, and Sb galaxies were divided using B/T values of 0.7, 0.5, 0.45, and 0.25, respectively. Each group is shown in Figure 10 (b) with colored boxes for galaxies with larger (red) and smaller (blue) bulges than the dividing B/T values. D. MASS-WEIGHTED METALLICITY K17 published β V,0 -values for stellar populations having stochastic SFHs with metallicity evolutions taken into account. Figure 11 shows the specific SFRs (sSFRs), and the mass-weighted metallicity, Z m , as a function of redshift. The gray transparent solid, dashed, and dotted lines indicate amplitudes of multiple exponentially declining starformation episodes for early-type (SFH3), spiral (SFH4), and late-type (SFH5) galaxies, respectively. The SFH3, SFH4, and SFH5 models are from Behroozi et al. (2013) for galaxies with stellar masses of 10 11.4 , 10 10.95 , and 10 9.5 M , respectively.
The Z m value is the sum of the products of SFR and metallcity divided by the sum of the SFRs up to a certain redshift (z > x; see Equation 9 in K17). The colored solid, dashed, and dotted lines in Figure 11 are the Z m values of galaxies with SFH3, SFH4, and SFH5, respectively. K17 derived slopes for linear cosmic metallicity evolution as a function of redshift using the mass-metallicity relation from Maiolino et al. (2008) and three SFHs from Behroozi et al. (2013) , which are −0.18 (SFH3), −0.03 (SFH4), and −0.58 (SFH5) (see also Fig.20 of Maiolino & Mannucci 2018) . The orange, green, and blue lines represent different metallicity offsets, Z(z = 0), of 2.5, 1.0, and 0.4 Z , respectively. The lower limit of the metallicity evolution was selected as Z = 0.0001, which originated from the available SED models BC03 (Bruzual & Charlot 2003) and Starburst99 (Leitherer et al. 1999 ) that K17 used for young and old stellar populations. For example, the orange solid line represents the evolution of the Z m of a galaxy having SFH3 with a slope of the linear metallicity evolution of −0.18 (Zevol3) with a metallicity offset, Z(z = 0), of 2.5 Z . Due to mas- Figure 10 . (a) The distribution of total magnitude + distance modulus vs. RC3 T-type; (b) the bulge-to-total light ratios (B/T) measured using GALFIT versus RC3 T-type (excluding irregular and peculiar galaxies) of 239 galaxies. The colors of the dots on (b) represent the χ 2 divided by the number of pixels. The red (blue) boxes contain galaxies whose B/T values higher (lower) than 0.7, 0.5, 0.45, and 0.25 for E, S0, Sa, and Sb type galaxies, respectively, which consists of the 'Large bulge' and 'Small bulge' subgroups for each Hubble types in Figure 7 . Figure 11 . The mass-weighted metallicities, Z m, and specific SFRs (sSFRs) as a function of redshift from K17 are indicated by the colored and gray lines, respectively. For sSFRs, K17 adopted SFRs of galaxies with stellar masses of 10 11.4 (SFH3), 10 10.95 (SFH4), and 10 9.5 M (SFH5) from Behroozi et al. (2013) . Linear metallicity evolution as a function of redshift was derived by K17 from these SFRs and the massmetallicity relation of Maiolino et al. (2008) . The Z m at a certain redshift, zc, is the sum of the product of metallicity and SFR divided by the sum of the SFRs in the redshift range z > zc. The lower metallicity limit at log Z/Z ∼ = −2.3 was set by the lowest metallicity available from SED models of simple stellar populations from BC03 and Starburst99 (for details, see Kim et al. 2017 ). sive and dwarf galaxies having higher and lower metallicities on average, Figure 11 would not show many galaxies with orange dotted or blue solid lines. Nonetheless, K17 published all these results for completeness. Nine Z m values at z = 0 are shown in Figure 8 either above or below each colored line with the same color and line type as the corresponding colored lines in Figure 11 .
